in the absorbance properties of PEI-DMNC (1 mg/mL in DMSO), PEI (1 mg/mL in DMSO) and DMNC (250 μg/mL, in DMSO). The experimental DS of PEI-DMNC was 10% as determined by spectrophotometry, using a calibration curve of DMNC, and by 1H NMR. For DMNC, the absorption maximum at 355 nm reverted to baseline levels after 10 min of UV exposure, indicating the photo-cleavage of DMNC, and a new absorption peak was observed at 320 nm, due to the formation of 4,5-dimethoxy-2-nitrobenzyl alcohol. For PEI-DMNC, there was a decrease in the intensity of the peak at 355 nm and a concomitant increase in the peak at 320 nm; however our results suggest that not all the attached DMNC molecules were photo-cleaved. (B) 1H NMR spectra of PEI, DMNC and PEI-DMNC. 1H NMR spectra (in DMSO-d6) of (a) PEI-DMNC conjugate, (b) DMNC and (c) PEI. A suspension of NPs (100 μL, 100 μg, in water) was exposed to a blue laser up to 20 min. Then, the NP suspension was diluted up to 50 μg/ mL in water and the size, zeta potential and number of NPs (Kcps) in the suspension was evaluated by dynamic light scattering. In B results are expressed as Mean ± SEM (n = 5). (C) Confocal images showing light-disassembly of quantum dots 525 (Qdot525)-labeled NPs. A section of a NP aggregate (area delimited in the figure) was bleached continuously by a laser at 405 nm as confocal images were collected every 20 s. The images show the disassembly of the bleached area of the NP aggregate. Fluorescence intensity of the area bleached by the laser and reference area (i.e., not activated by the laser) overtime. Our results show that fluorescence intensity increases after light exposure due to the disassembly of the NP and the decrease in the quenching of Qdot fluorescence after NP disassembly. (D) Confocal imaging of HUVECs after exposure for 4 h to QDot525-labelled NPs. A small section of the cell (region 1, created by a mask) was then exposed to blue light laser cycles (405 nm) in a Zeiss confocal microscope and the intensity of fluorescence at 525 nm monitored. In parallel, the fluorescence of another section of the cell (region 2) not excited with the laser was monitored as a control. Our results show that the fluorescence intensity in region 2 maintains overtime while in region 1 the intensity increases. Blue dots and line presents the blue light laser-exposed area of Qdot525-labelled NPs; orange dots and line presents the control unexposed area of Qdot525-labelled NPs. Dashed areas show cell membrane and nucleus. Nanoparticles (2.5 mg) were placed in PBS (0.5 mL) and incubated under mild agitation at 37 °C. At specific intervals of time, the nanoparticle suspension was centrifuged (at 14.000 g for 3 min) and 0.4 mL of the release medium removed and replaced by a new one. The reserved supernatant was stored at 4°C until the RA content in release samples was assessed by spectrophotometry at 350 nm. Concentrations of RA were determined by comparison to a standard curve. All analyses were conducted in triplicate. SEM is smaller than the symbols. (A) Zeta potential of RA+NPs suspended in water, serum-free RPMI (medium used for leukemia cells) or EBM medium (medium used for HUVECs). It should be noted that the transfection of the cells with RA+NPs was always performed in serum-free media. Diameter (nm) and counts (Kcps) of RA+NPs suspended in water (B), RPMI medium (C) or EBM medium (D). A suspension of RA+NPs (2 mL, 25 μg/mL) was prepared and diameter, counts and zeta potential determined by dynamic light scattering method (DLS) using a Zeta Plus Analyzer (Brookhaven). Results are expressed as Mean ± SEM (n = 3). RA+NPs for 4 h, washed, exposed or not to a UV light for 10 min, and then cultured for 20 h. Cell cytotoxicity was evaluated by an ATP kit. Results are expressed as Mean ± SEM (n = 3). (B) HUVECs were exposure to 10 min or 60 min of UV light (365 nm, 100 W) (left panel) or blue light (405 nm, 80 mW) (right panel) and allowed to recover for 6 h. Cells were then fixed and stained to identify γH2AX-containing foci, as biomarker for nuclear sites of DNA damage in affected cells. Bar corresponds to 10 μm. (C) Time-dependent increase of γH2AX after UV light (365 nm, 100 W) or blue light (405 nm, 80 mW) irradiation. Quantitative analysis of foci intensity were quantified using imageJ software and normalised to the control condition. Results are expressed as Mean ± SEM. The calculations were performed in 5 different images for a total of ca. 250 cells (ca. 50 cells per image). Cells were cultured in medium supplemented with light-sensitive RA+NPs for 4 h, washed, exposed or not to a UV light for 5 min, and then cultured for 20 h. Cell cytotoxicity was evaluated by an ATP kit (A) or Annexin V/PI staining (B) followed by flow cytometry analyses. In this case, the concentration of RA+NPs was 10 μg/mL. Live cells were negative for Annexin V and PI staining. Results are expressed as Mean ± SEM (n = 3). . Cells were incubated with 10 μg/mL NPs (B and C) or 100 μg/mL NPs (C) up to 24 h. After each incubation period, the cells were extensively washed with PBS followed by the addition of an aqueous solution of nitric acid (1 mL, 69% (v/v) ). The concentration of intracellular levels of Zn was quantified by ICP-MS. The concentration was normalised per cell. The estimation of NPs was done based on standard solutions. The results are expressed as Mean ± SEM (n=3).
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Supplementary Figure 8 -Dilution of RA+NPs during NB4 cell culture. RA+NP dilution with cell culture was monitored over 6 days by flow cytometry. NB4 cells (500.000 cells/mL) were plated in 6 well plates and incubated in serum-free RPMI-1640 with RA+NPs (20 µg/ mL). After 4 h incubation, cells were washed three times with PBS to remove RA+NPs not internalised and the cells were left to grow at 200.000 cells/mL in complete medium for additional 4 h, 3 days and 6 days. After each incubation, cells were counted, collected by centrifugation and ressuspended in PBS for flow cytometry evaluation. (Mukherjee, S., et al., Physiol Rev 1997, 77, 759-803) . Results are expressed as Mean ± SEM (n = 3). TRITC-labeled RA+NPs (10 μg/ mL) or (C) TRITC-labeled USPIO NPs (100 μg/mL) intracellular accumulation in Zn-induced U937 cells in the presence of the P-gp antagonist verapamil. Cells were exposed to culture medium with verapamil, TRITC-labeled NPs for 4 h, cultured for additional 8 h and finally characterized by flow cytometry. In A, B and C, results are expressed as Mean ± SEM, n=3. Statistical analyses were performed using a One-Way Anova followed by a Newman-Keuls posttest.*, **, ***, **** denotes statistical significance (P<0. 05, P<0.01, P<0.001, P<0.0001) . THP-1 cells were cultured with soluble RA (3 μg of RA per mL) in culture medium for the entire duration of the experiment, or light-activatable RA+NPs (10 μg of NPs/mL, i.e., 1.2 μg of RA per mL), or light-activatable NPs without RA (10 μg of NPs/mL). In the case of cells treated with NPs, cells were treated with RA+NPs for 4 h, washed, activated with UV light (365 nm, 100 Watts) for 5 min, and then cultured up to 24 h or 48 h. In case of cells treated with soluble RA, cells were cultured in media containing soluble RA for the entire period of culture. Results are expressed as Mean ± SEM (n = 3). Statistical analyses were performed by an unpaired t-test. *, ** denotes statistical significance (P<0.05, P<0.01). . Cells were treated with RA+NPs for 4 h, washed, activated with UV light (365 nm, 100 W) for 5 min, and then cultured for up to 48 h. In case of cells treated with soluble RA, cells were cultured in media containing soluble RA for the entire period of culture. Cells were then lysed and gene expression profile monitored by qRT-PCR using a Fluidigm equipment. A red-blue color scale was used to reflect standardized gene expression, with red indicating higher expression and blue indicating lower expression. Surprisingly, our clustering analysis indicate that NB4 treated with RA+NPs for the first 24 h were more related to the non-treated cells than soluble RA. Yet this effect is inverted for 48 h. Therefore, our data suggests that the most significant alterations in NB4 cells after treatment with RA+NPs occurs between 24 and 48 h.
Supplementary Figure 14-Heat map of the differentiation pattern of Zn-induced U937
cells after exposure to soluble RA (0.3 or 3 μg/mL) or light-activatable RA+NPs (1 or 10 μg/mL). Cells were treated with RA+NPs for 4 h, washed, activated with UV light (365 nm, 100 Watts) for 5 min, and then cultured for up to 48 h. In case of cells treated with soluble RA, cells were cultured in media containing soluble RA for the entire period of culture. Cells were then lysed and gene expression profile monitored by qRT-PCR using a Fluidigm equipment. A redblue color scale was used to reflect standardized gene expression, with red indicating higher expression and blue indicating lower expression. Our clustering analysis indicate that Zninduced U937 cells treated with 10 μg/mL, but not 1 μg/mL, of RA+NPs were more distant to the non-treated cells than soluble RA. This effect was observed for all the times investigated. Therefore, in contrast to NB4 cells, our clustering analyses indicate that Zn-induced U937 cells were more sensitive to RA released from RA+NPs at least at high concentrations (10 μg/mL). (A) Zn-induced U937-B412, NB4 or NB4-RARE-luciferase reporter cells were cultured with RA+NPs (1 μg/mL) for variable period of times (1 up to 24 h), washed with PBS, resuspended in cell culture media, exposed to UV light (365 nm, 100 Watts) for 5 min, and cultured for 12 h (luciferase measurements) or 72 h (flow cytometry analyses). Results are expressed as Mean ± SEM (n = 3). (B) Zn-induced U937-B412, NB4 or NB4-RARE-luciferase reporter cells were cultured with RA+NPs (1 μg/mL) for 4 h, washed with PBS, resuspended in cell culture media, exposed to UV light for 5 min at variable periods of time (0 up to 44 h), and cultured for 12 h (luciferase measurements) or 72 h (flow cytometry analyses). Results are expressed as Mean ± SEM (n = 3). In NB4-RARE, the activation of RA-dependent signaling pathway was measured by luminescence while in U937 B412 and NB4, cell differentiation was evaluated by the expression of CD11b by flow cytometry. NOD/SCID mice were euthanised followed by hair shaving and removal of dorsal and ventral skin as well as calvaria bone. Both tissues were kept in cold PBS until further analyses. For the laser attenuation studies, 2 cm x 2 cm skin or 0.5 cm x 0.5 cm calvaria were placed in a plastic petri dish on top of a thermal power sensor (Thorlabs, s310c). Both tissues were then irradiated with a 405 nm laser at 80 mW during 1 min. Laser attenuation values were calculated by normalising against laser power values obtained with the empty petri dish. The thickness of the skin and bone was measured by a caliper. (A) Blue laser attenuation as a function of skin thickness. Results are expressed as Mean ± SEM (n = 2-6 per each thickness interval). (B) Blue laser attenuation in calvaria bone (≈ 260 μm). Laser attenuation in calvaria bone is lower than the skin likely due to the high transparency of the bone. Results are expressed as Mean ± SEM (n = 4). ,000/mL) were grown in RPMI supplemented with 10% (v/v) FBS, penicillin and streptomycin. Cells were treated with RA+NPs (10 μg/mL) for 4 h, washed with PBS to remove the NPs that were not internalized, activated by a blue laser for 5 min, and then cultured for 18 h under hypoxia conditions (0.5% O2) in exosome-depleted medium. A separate group of cells was treated with RA (3 μg/mL) for 22 h in hypoxia conditions (0.5% O2) in exosome-depleted medium. Then, in both groups, cells were centrifuged at 10.000 g (4ºC; 30 min) and part of the supernatant (named in the plot as "Sup") added to NB4 RARE cells (100,000/mL; 1 mL of the Sup). Alternatively, in both groups, cells were centrifuged in multiple steps (please see Supplementary Information) to remove exosomes (named in the plot as "exo") and added to NB4 RARE cells (100,000/mL; 5 μg/mL de exosomes per mL of media) plated in a 24 well plate. After 24 h, the luciferase assay was performed according to instructions of the luciferase kit (britelite™). (B) Activation of NB4 RARE reporter cell line with the factors secreted by the NB4 cells for 22 h cultured with soluble RA or RA+NPs. Results are expressed as Mean ± SEM (n = 3). Statistical analyses were performed using a One-Way Anova followed by a Newman-Keuls post-test. *, **, *** and **** denotes statistical significance (P<0.05, P<0.01, P<0.001, P<0.0001, respectively). µL, Sigma), and the reaction flask cooled to 0 ºC by immersion on ice. Then, the reaction was allowed to proceed for 24 h at 25 ºC with stirring. At the end, the PEI-DMNC conjugate was purified by dialysis (Spectra/Por ® 1 Regenerated Cellulose dialysis membrane, MWCO 6000-8000
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Da, Spectrum) against DMSO overnight at room temperature. Reaction yields above 54 % were obtained. For NMR characterization, PEI-DMNC (in DMSO) was precipitated in water, washed, freeze-dried, and then dissolved (10 mg/mL) in DMSO-d6 and 1 H NMR spectra were acquired using a Bruker Avance III 400 MHz spectrometer.
Preparation of NPs. Non-activatable NPs were prepared by the electrostatic interaction of PEI (polycation) with dextran sulfate (DS, polyanion) in water, at room temperature, as previously described by us 1 . Briefly, an aqueous DS solution (1 mL, 10 mg/mL) was added drop-by-drop to an aqueous solution of PEI (5 mL, 10 mg/mL) and stirred for 5 min. Then, an aqueous solution of A total of 10,000 events were recorded per measurement, and all conditions were performed in triplicate. NB4 RARE differentiation by cell conditioned medium obtained from NB4 cells exposed to RA or RA + NPs. NB4 cells (3⋅10 6 /mL) were grown in RPMI supplemented with 10% (v/v) FBS, penicillin and streptomycin. Cells were treated with RA + NPs (10 µg/mL) for 4 h, washed with PBS to remove the NPs that were not internalized, activated by a blue laser for 5 min, and then cultured for 18 h under hypoxia conditions (0.5% O 2 ) in exosome-depleted medium. A separate group of cells was treated with RA (3 µg/mL) for 22 h in hypoxia conditions (0.5% O 2 ) in exosome-depleted medium. Then, in both groups, cells were centrifuged at 10.000 g (4ºC; 30 min) and part of the supernatant (named in the plot as "Sup") added to NB4 RARE cells (100,000/mL; 1 mL of the Sup).
Alternatively, in both groups, cells were centrifuged in multiple steps 3 to remove exosomes (named in the plot as "exo") and added to NB4 RARE cells (100,000/mL; 5 µg/mL de exosomes per mL of media) plated in a 24 well plate. After 24 h, the luciferase assay was performed according to instructions of the luciferase kit (britelite™). Generation of a THP-1-GFP cell line. Viral particles for GFP-expression were produced in 293T cells using a standard protocol. Briefly, 293T cells were transfected with GFP DNA construct (30 µg) and pCL-Eco (DNA:pCL-Eco; 15 µg) both solubilised in a DNA-CaCl 2 mixture (1 mL).
U937 differentiation assay.
Transfection efficiency was evaluated by fluorescence microscopy. After 72 hours viral particles were collected and THP-1 cells were infected (2 x 10 5 cells/ml in a 6-well plate with 4µg/ml polybrene). One day after injection, experimental groups were either activated or not with a blue optical fiber (405 nm, 80 mW) for 5 min. Three days after injection of the cells, animals were sacrificed by cervical dislocation and cells within the cylindrical construct were collected and characterized by flow cytometry.
In vivo
In vivo study: bone marrow modulation. NOD.CB17-Prkdcscid /J (NOD/SCID) female mice (n=12) aged 6-8 weeks were employed in this experiment. Before cell injection, mice received 1.5
Gy of total body irradiation from a 137Cs source and were also treated with 200 µg of mouse anti-CD122 monoclonal antibody (NS122) by intraperitoneal injection. Human THP-1 cells were incubated with 20 µg/mL of RA + NPs in RPMI medium for 4 hours, followed by extensive wash with PBS to remove non-internalised NPs. The cells were then resuspended in RPMI medium with 10% FBS and left in the culture incubator overnight. On the following day, the cells loaded with RA + NPs were collected and 1 ⋅ 10 7 cells /mouse in 200 µL PBS were injected into the NOD/SCID mice intravenously, through the tail vein. After 6 days, the mice were randomly divided into two groups: one of the groups was blue laser irradiated (n=6) and the other group was not irradiated (n=6). In the blue laser irradiated group, each mouse was anesthetized with 3.5% chloral hydrate in PBS and the craniums were exposed to a blue laser (405 nm, 80 mWatts) for 5 min. The mice in the non-irradiated group received the same treatment without blue laser activation. After 48 or 72 h, the mice were sacrificed and the long bones/ craniums were collected. The long bones including the femurs, tibias and pelvis were crushed in PBS containing 1% bovine serum albumin (BSA, sigma) and 2 mM EDTA (Invitrogen). The samples were then filtered with 70 µm cell strainer and treated with ACK solution to lyse red blood cells. The resulting cells were stained using PE conjugated anti-human CD45 antibody (eBioscience). The results were measured by flow cytometry and the data were analyzed with FlowJo software.
The mouse craniums were collected for the ex vivo staining examination followed by the traditional protocol. Briefly, the mouse craniums were cut into four pieces along the sutures producing one frontal, two parietal and one occipital bone. Only parietal bones were used in this experiment. Bone pieces were fixed in 4% paraformadehyde for 30 min, washed twice with PBS, blocked with 2% BSA-0.01% Triton X-100 in PBS (BSA buffer) for 1 hr, and incubated with primary antibodies (diluted 1:100 in BSA buffer) overnight at 4ºC. After washing with BSA buffer for 2 hr, bones were incubated with secondary antibodies (diluted 1:200 in BSA buffer) for 2 hr, washed with BSA buffer for 2 hr, and nuclei were stained using DAPI. The primary antibodies included mouse anti-human CD45 antibody (BD) and rabbit anti-human CD11b antibody (Abcam).
The secondary antibodies included goat anti-mouse 555 (invitrogen) and goat anti-rabbit 488
antibodies. The bone pieces were finally examined with a confocal microscope (Nikon Eclipse Ti)
under FITC/TRITC/DIC signal channel. Images were analysed in imageJ. Analyse Particles was
